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@ Always looking for new ways to break SUSY.

— The unique characteristics of dynamical monopoles makes them
worthy of investigation in this context.

- Seiberg-Witten methods allow us to find theories with massless
monopoles and/or dyons, and include them in model building.

@ Light monopoles might play a role in electroweak symmetry
breaking (Csaki, Shirman, Terning 2010)

— Problems with calculablity. Toy Models?
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(Very) Brief Review:
Seiberg-Witten Analysis
of
N =2 SU(2) SYM



N = 2 SU(Z) SYM (Seiberg, Witten 1994)

Aa
)\a wa
¢a
D-flat: [¢',¢] =0 = Moduli Space parameterized by u = JTr¢”. SU(2) — U(1)

Some topological obji become
elementary and weakly coupled:
Moduli §
od T Space dyons@u=-A
perturbative Selberg'W|tten monopoles@u=A

o Analysis

electric theory strongly coupled near origin

Near monopole singularity: U(1) 2 with Wey ~ (v — A)MM.
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@ Can exactly solve for low-energy theory of N/ =2 SU(2) SYM.

— generalizes to SU(N) with fundamental flavors (CJ, ] hypers)

— cool stuff at higher rank: SU(3) SYM can have simultaneously
massless electric & magnetic charges! (Argyres-Douglas Point)

@ Can softly break to N’ = 1 to learn about nontrivial A/ = 1
physics, e.g. gaugino condensation as magnetic Meissner effect.

@ These methods can give us some information even in ' = 1
theories.
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Application of SW Methods
to N =1 Theories

!
The SU(2)3 Model



AppllCathn tO N = 1 SUSY (Intriligator, Seiberg '94)

Apply SW methods to A/ = 1 theories in the Coulomb phase.

@ Can calculate the following as a function of the moduli:

- holomorphic low-energy U(1) gauge coupling 7. If singular, we
know there are light monopoles or dyons!

- effective superpotential near the singularity.
@ Cannot calculate

- explicit masses for monopoles/dyons.

- Kahler potential

This allows us to identify A = 1 theories with light monopoles and
dyons, and learn something about their low-energy behavior.
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SU(2)3 MOdel (Csaki, Erlich, Freedman, Skiba '02)

SU(2); SU(2), SU(2)3 4 moduli space coordinates:

Q O O A
Q2 I:I I:I MI - QIQI

Qs O O T=Q1QQs
Similar to N = 2 SU(2) SYM: When

NiMy + NgMs + AgMy — MiMoMs 4+ T2 — +2A3AGAS

magnetic or dyonic charges become massless, elementary and
weakly coupled.

Near monopole singularity, the effective superpotential is

MMMy T2

Werr = | -Mi — Mo — M3 + —3 S~ teA E(E,

(Rescaled moduli, and set A; = A for simplicity.)
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Effective Theory

@ To analyze SUSY-breaking, we need to parameterize our
ignorance of the Kahler potential.

@ To restrict Kahler using global symmetries, expand around
particular point in moduli space:

My =2N+0My, Mo =0My, My=dMs, T=06T.
@ A global Z4 symmetry (M;, T charge 1, 2) is broken to Z,. This
forbids 0M;0 T Kahler mixing at quadratic order.

@ ltis possible to define (approximately) canonical fluctuations M;
around M; = 2A. The effective superpotential becomes

. . . T2 -
Weff = aM1 —+ bM2 + CM3 — dT + H.O.T. E+E+.

@ Can this theory be modified to break SUSY?
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Shih model of
SUSY breaking



Shih’s O’Raifeartaigh model (2008)

@ We will deform the SU(2)3 theory to become this model in a
low-energy limit.

@ generalized O’Raifeartaigh model with R-charges other than 0, 2,
which can break R-symmetry without tuning.

@ W =X(f+\p1¢2) + Mid1¢3 + sMagp?
- This is generic for Rx = 2, Ry, = —1, Ry, = 1, Ry, = 3.

- Two dimensionless parameters control whether SUSY and
R-symmetry can be spontaneously broken in a metastable
vacuum:

A mo
y = ) r=—,
mymo m
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Minimizing the scalar potential

@ For y < 1, there exists a stable SUSY-breaking pseudomoduli
space

¢i=0, X = undetermined at tree-level with | X| < Xpmax

@ 1-loop quantum corrections generate Vew(|X]):

) r=15,y=020 r=40,y=020
Ve Vo
0.008 0.0008
0006 0.0006
0.0004
0.004 00002
X

0.002 e 10 15 2 25
—-0.0002
t 5 3 7 X —-0.0004

@ There is also a SUSY-runaway — metastable SUSY.
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For y < 1, the Shih-model can exhibit SUSY. For r > 2, also have &.

~

(X) in units of \/f/X
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Scaling Behavior of Vcw

@ The deformed SU(2)® model will resemble the Shih-model up to
uncalculable corrections.
@ To ensure that the false vacuum is not destabilized we have to

understand how the 1-loop potential scales. Numerically we find
@ Y < Ymax = 2/r for SUSY

my

o (X) & (1-y*) %

1 \3f2
A|X‘ max 871'2 mo
1" This indicates how robustly the pseudomodulus X is stabilized.
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SUSY-Breaking triggered by
Monopole Condensation



Deforming the SU(2)° model

@ We will deform the SU(2)3 model to get an effective Shih model
of metastable SUSY.

— We would like the SUSY to vanish in the absence of a monopole
condensate.

@ Consider SU(2)® model around My = 2A:

~ ~ ~ ~2 ~
Wesr =~ |aMy + bM> + cM5 — dTT E.E,.

Add some tree-level terms and extra SU(2)3 singlet fields:

- - 1 .
SW = —12My+ Aoy o + Emgqﬁg + My d3+mzZT + myMs Y
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- - ~ T2 -
Weff ~ |:aM1 + bMs + CM3 — dT:| E+ E+
~ ~ 1
— B My + AMp 1 ¢ + émqu% + M o193
+mZZT =+ myM3 Y

Fig, = (E-Ey) ~ 112 = M, gets a tadpole ~ (E{ E, ) ~ 42,

(spectator moduli are stabilized by giving them a mass with
singlets)
= effective Shih-model with X — M, f — ~ (E, E,)

Metastable SUSY-breaking triggered by monopole
condensation!
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Electric Theory

SU(); SUR)z SU2)s

Q O O SU(2)’s become strong
Q O O below scale A
Qs O O
- A 1
Wiee = m(QQ)a + A—(QQ)B¢1 P2 + §m2¢§ + Mo1¢3
uv
+Aa—j/o1 Q57 + a,(QQ)c Y, (Auy > A)

@ To ensure vacuum stability,

- (QQ)a.p.c are linear combinations of @2, @2, Q3 and A? that become
canonical M; in the IR. Have to be lined up to a precision of
~1072-107%,

- Stability against Kéhler corrections requires m < my» < A < Ayy

@ A — 0 restores SUSY.
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Other Deformations

It is instructive to embed the Shih model differently into SU(2)3.
- . N T2 .
Weff ~ |:3M1 + bM2 + CMs—d/\:| E+ E+

@ Composite ¢» instead of pseudomodulus X:
SW = My + X(\T oy — 1i?)+my i a+mzZ Mo + myMs Y
No Good: Not dynamical SUSY.
@ Composite ¢» and pseudomodulus X:
SW = —fMy + \MbT o1 + mydids+myMsY
No Good: Cannot guarantee stability of vacuum.

Nevertheless, this method of constructing monopole models
that break A/ = 1 SUSY should be fairly general.
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Conclusion



Conclusion

@ Seiberg-Witten methods give us a handle on topological
monopoles and open up new model-building possibilities.

@ We show that metastable SUSY-breaking can be triggered by
monopole condensation.

@ These strategies should make it possible to induce
SUSY-breaking in a variety of models in the Coulomb phase by
obtaining different low-energy SUSY models.

— Lots of things one could try!

@ It would be very interesting to try and break SUSY in theories
with light electric and magnetic charges.
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